BACKGROUND OF THE INVENTION 

[0001] 

5 [Field of the Invention] 

The present invention relates to a receiver for 

regenerating a signal wave from a received wave, and in 

particular to a receiver for regenerating a signal wave via 

digital signal processing. 
10 [0002] 

[Related Art] 

Conventionally, an analog receiver of the superheterodyne 
system is known as a receiver for receiving a broadcast wave 
transmitted from a broadcast station and regenerating a signal 
15 wave in the audio frequency band- 
[0003] 

The analog receiver converts a broadcast wave to an IF 
signal of the intermediate frequency and removes unwanted 
frequency components by pass ing the I F signal through a band-pass 
20 filter 1 the intermediate frequency band as shown in Fig. 14, 
and obtains a signal wave (detection output) via a detection 
circuit 2 . 
[0004] 

[Problems to be Solved] 
25 The inventor of the application has formed the 
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aforementioned analog receiver via digital circuits to make 
an attempt to develop a digital receiver that is compatible 
with for example digital audio apparatus. 
[0005] 

5 As one of such attempts, the inventor of the application 

has proposed that the band-pass filter shown in Fig. 14 includes 
a direct-type secondary IIR (infinite Impulse response) filter 
1' shown in Fig. 15 and that a detection circuit subordinate 
to the digital band-pass filter 1' be digitized. That is, the 

10 inventor has proposed that the digital band-pass filter 1' 
includes digital adders 4, 5, 6, 7, digital delay elements 8, 
9, and digital multipliers 10, 11, 12, 13, 14, and that digital 
data generated by converting an IF signal from a frequency 
converter undergo digital filtering. 

15 [0006] 

While an IF signal is down-converted by a frequency 
converter, it is a signal prior to detection. Thus, using an 
IIR filter of a general configuration in Fig. 15 requires use 
of a large-scale digital circuit that allows high-speed 
20 arithmetic operation, making application to a receiver 
difficult. 

SUMMARY OF THE INVENTION 

[0007] 

25 The invention has been proposed to solve such problems 



2 



involved in the related art and aims at providing a new receiver 
of a simple configuration that can allows high-accuracy digital 
signal processing. 
[0008] 

5 [Means for Solving the Problems] 

In order to attain the aforementioned object/ the 
invention is a receiver comprising digital signal processing 
section for transmitting data corresponding to a desired 
frequency component from digital data in the intermediate 

10 frequency band to output the data to detection section, 
characterized in that the digital signal processing section 
comprises a digital band-pass filter for performing digital 
filtering on the digital data at a first sampling rate equal 
to an exponentiation multiple of 2 of the intermediate frequency 

15 and an interpolation filter including a digital low pass filter 
for performing digital filtering on the data output from the 
digital band-pass filter at a second sampling rate equal to 
an exponentiation multiple of 2 of the intermediate frequency, 
the second sampling rate higher than the first sampling rate, 

20 and that the output data of the interpolation filter is output 
to the detection section. 
[0009] 

The receiver is characterized in that the first sampling 
rate is set to four times the intermediate frequency and that 
25 the digital band-pass filter includes an IIR filter whose 
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multiplicand attribute is set to the value of an exponentiation 
multiple of 2. 
[0010] 

The receiver is characterized in that the second sampling 
5 rate is set to 16 times the intermediate frequency and that 
the interpolation filter includes an IIR filter whose 
multiplicand attribute is set to the value of an exponentiation 
multiple of 2. 
[0011] 

10 According to a receiver of such a configuration, the 

digital band-pass filter performs digital filtering on data 
in the intermediate frequency band at a first sampling rate 
equal to an exponentiation multiple of 2 of the intermediate 
frequency (a sampling rate lower than a second sampling rate) 

15 and the interpolation filter performs digital filtering on data 
output from the digital band-pass filter at a second sampling 
rate equal to an exponentiation multiple of 2 of the intermediate 
frequency, the second sampling rate higher than the first 
sampling rate, to output the data from the interpolation filter 

20 to the detection section. 
[0012] 

In this way, via a configuration where digital data in 
the intermediate frequency band is processed at a lower sampling 
rate by a digital band-pass filter then processed at a higher 
25 sampling rate by an interpolation filter and output to detection 
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section, the circuit scale of the digital band-pass filter and 
the interpolation filter can be simplified. That is, operating 
a digital band-pass filter at a low sampling rate makes it 
possible to simplify the circuit scale of the digital band-pass 
5 filter. Even in a configuration where an interpolation filter 
operating at a higher sampling rate is used together with the 
simplified digital band-pass filter, it is possible to further 
simplify the overall circuit scale than in a case where a digital 
band-pass filter of a general configuration is operated at a 
, 10 high sampling rate. 
[0013] 

Moreover, data processed at a lower sampling rate by a 
digital band-pass filter is then processed at a higher sampling 
rate by an interpolation filter in order to upgrade the detection 
15 accuracy in detection section. 
[0014] 

In order for detection section to perform high-accuracy 
detection, it is desirable to detect waves based on data 
processed at a high sampling rate. A receiver according to 
20 the invention provides both the simple circuit scale and the 
high-accuracy detection by a combination of a digital band-pass 
filter operating at a lower sampling rate and an interpolation 
filter operating at a higher sampling rate. 
[0015] 

25 By setting the first sampling rate of the digital band-pass 
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filter to an exponentiation multiple of 2 of (in particular 
four times) the intermediate frequency and the second sampling 
rate of the interpolation filter to an exponentiation multiple 
of 2 of (in particular 16 times) the intermediate frequency, 
5 it is possible to approximate, by using an exponentiation 
multiple of 2, the multiplicand attribute of an IIR filter that 
includes the digital band-pass filter and the interpolation 
filter respectively. This simplifies the circuit scale of a 
digital multiplier. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a block diagram showing a configuration of a 
receiver according to the invention. 

Fig. 2 shows a configuration of a digital band-pass filter 
15 provided in a receiver according to the invention. 

Fig. 3 shows a configuration of another digital band-pass 
filter provided in a receiver according to the invention. 

Fig. 4 shows a configuration of a digital multiplier 24 
provided in a digital band-pass filter shown in Figs. 2 and 
20 3. 

Fig. 5 shows configurations of digital multipliers 25, 
26 provided in a digital band-pass filter shown in Figs. 2 and 
3. 

Fig. 6 shows a configuration of an interpolation filter 
25 provided in a receiver according to the invention. 
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Fig. 7 shows a configuration of a digital multiplier 31 
provided in an interpolation filter shown in Fig. 6. 

Fig. 8 shows a configuration of a digital multiplier 32 
provided in an interpolation filter shown in Fig. 6. 
5 Fig. 9 shows a configuration of a digital multiplier 33 

provided in an interpolation filter shown in Fig. 6. 

Fig. 10 shows frequency characteristics of a digital band 
pass filter shown in Fig. 2. 

Fig. 11 shows frequency characteristics of an 
10 interpolation filter shown in Fig. 6. 

Fig. 12 shows frequency characteristics of a digital band 
pass filter shown in Fig. 3. 

Figs. 13A and 13B are explanatory drawings to explain 
the features of an interpolation filter. 
15 Fig. 14 is a block diagram showing an analog receiver 

according to the related art. 

Fig. 15 shows a configuration of a general IIR filter. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
20 [0016J 

[Mode for Carrying Out the Invention] 

An embodiment of the invention will be described referring 
to drawings. Fig. 1 is a block diagram showing the key 
configuration of an exemplary receiver for receiving an RM. 
25 broadcast wave according to this embodiment. 
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[0017] 

In Fig, 1, the receiver down-converts an AM broadcast 
wave received at an antenna ANT to an IF signal Sif of the 
intermediate frequency (455 kHz) via a frequency converter 
5 including a mixer MIX and a local oscillator L.OSC, converts 
the analog IF signal Sir to digital data Dif via an A/D converter 
15, then passes the digital data Dif through a digital signal 
processing circuit consisting of a digital band-pass filter 
16 and an interpolation filter 17 supply the resulting data 
10 to a digital detection circuit 18. 
[0018] 

As detailed later;- the sampling frequency fso of the A/D 
converter 15 is set to above four times the intermediate 
frequency fo, the sampling rate fsi of the digital band-pass 
15 filter 16 is set to four times the intermediate frequency fo, 
and the sampling rate fsz of the interpolation filter 17 is set 
to 16 times the intermediate frequency for thus satisfying 
Nyquist sampling theorem. 
[0019] 

20 The A/D converter 15 converts the analog IF signal Sif 

to 16-bit digital data Dif- The digital band-pass filter 16 
and the interpolation filter 17 perform 16-bit digital signal 
processing on the digital data Dif. 
[0020] 

25 The digital band-pass filter 16 is a direct-type second 
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IIR filter and implemented as a direct-type secondary III filter 
Shown in Fig. 2 or as a direct-type secondary III filter shown 
in Fig. 3, depending on the design specifications. 
[0021] 

5 The digital band-pass filter 16 shown in Fig. 2 including 

a plurality of digital adders 19, 20, 21, digital delay elements 
22, 23, and digital multipliers 24, 25, 26. The digital 
band-pass filter 16 is an IIR filter having single-peak 
characteristics where the maximum gain is obtained at the center 
10 frequency fo (455 kHz) as shown in Fig. 10, 
[0022] 

The bandwidth of the single-peak characteristics (6-dB 
bandwidth) Af around the center frequency fo (455 kHz) is set 
to a width to allow an upper sideband wave and a lower sideband 
15 wave of the IF signal Sjf to pass through the bandwidth and the 
Q value (fo/AF) is set to characteristics that meet a particular 
need. 
[0023] 

The digital band-pass filter 16 shown in Fig. 3 including 
20 two serially connected IIR filters 16a, 16b, each of which 
including a plurality of digital adders 19, 20, 201, digital 
delay elements 22, 23, and digital multipliers 24 , 25, 26, 202. 
[0024] 

The IIR filters 16a and 16b differ from each other in 
25 that the digital adder provided in the IIR filter 16a performs 
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subtraction D202-D20 on the data D202, D20 provided by the 
digital multipliers 202, 20. The digital adder provided in 
the IIR filter 16b performs subtraction -D20-D202 on the data 
D202, D20 provided by the digital multipliers 202, 20. 
5 [0025] 

In this way, the digital band-pass filter 16 shown in 
Fig. 3 comprising two serially connected IIR filters 16a, 16b 
have twin-peak characteristics around the center frequency fo 
(455 kHz) . The bandwidthof the twin-peak characteristics (6-dB 

10 bandwidth) Af around the center frequency fo (455 kHz) is set 
to a width to allow an upper sideband wave and a lower sideband 
wave of the IF signal Sif to pass through the bandwidth and the 
Q value (fo/AF) is set to characteristics that meet a part icular 
need. 

15 [0026] 

The interpolation filter includes three IIR filters of 
the same configuration 17a, 17b, 17c as shown in Fig. 6. 
[0027] 

The IIR filter 17a includes a plurality of digital adders 
20 27, 28, digital delay elements 29, 30, and digital multipliers 
31, 32, 33. The remaining IIR filters have the same 
configuration as the IIR filter 17a. 
[0028] 

As shown in Fig. 11, frequency characteristics is 
25 implemented where the gain in the high frequencies above the 
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cutoff frequency Fc is suddenly attenuated by synthesizing the 
frequency characteristics of three stages of IIR filters 17a, 
17b, 17c. 
[0029] 

5 The cutoff frequency of each of the IIR filters 17a, 17b, 

17c is set to a frequency higher than the center frequency fo 
(455 kHz) . In particular, the cutoff frequency is set to obtain 
a passband to pass an upper sideband wave of the IF signal Sif- 
[0030] 

10 Next, configuration of the digital band-pass filter 16 

shown in Figs. 2 and 3 and the interpolation filter 17 will 
be described to detail the configuration, operation and features 
of these filters 16, 17. 
[0031] 

15 A transfer function H ( z) z-converted as shown in the next 

expression (1) is applied to the band-pass filter 16 shown in 
Fig. 2. 
[0032] 

[Expression 1] 

20 H(z) = (bO+bl • z-'+b2 ■ z-2) / (1-al • z-^+a2 • z-2) (1) 

[0033] 

First, a direct-type secondary IIR filter shown in Fig. 
15 is assumed based on this transfer function H { z) and the optimuia 
value of each of the multiplicand attributes al, a2, bO, bl 
25 and b2 of the transfer function H(z). 
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[0034] 

Next/ each of the multiplicand attributes al, a2, bO, 
bl and b2 is optimized under the optimization conditions that 
the digital band-pass filter is implemented via a simple 
5 configuration, considering the relationship between the 
sampling rate fsi and the intermediate frequency fo (455 kHz) 
and Q value. 
[0035] 

As an example, assuming the Q value as 50 and the sampling 
10 rate fsi as four times the intermediate frequency fo, each of 

the multiplicand attributes al, a2, hO, bl and b2 is as shown 

in the next expression (2), especially, both multiplicand 

attributes al and bl being set to 0. 

[0036] 
15 [Expression 2] 

al=0 

a2=0. 96721311 

bo=0. 016393443 . } (2) 

bl=0 

20 b2=-0. 01639443 
[0037] 

Incasemultiplicandattributes al, bl are set to 0, digital 
multipliers 10, 13 in Fig. 15 do not contribute to arithmetic 
operation on data D23, D26, so that these digital multipliers 
25 10, 13 are omitted. Further, digital adders 5, 7 in Fig. 15 
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are also omitted because they are no longer required. It is 
thus possible to implement a digital band-pass filter 16 of 
a simple configuration shown in Fig. 2. 
[0038] 

5 In this way, it is possible to set both multiplicand 

attributes al and bl to 0 by fixing the sampling rate fsi to 
four times the intermediate frequency fo- As a result/ it is 
possible to implement a digital band-pass filter 16 (see Fig. 
2) of a simple configuration where four components, that is, 
10 digital multipliers 10, 13 and digital adders 5, 7 are no longer 
required. 
[0039] 

The digital band-pass filter 16 shown in Fig. 2 has a 
configuration where digital multipliers 10, 13 and digital 
15 adders 5, 7 in Fig. 15 are omitted as well as a combination 
of a digital multiplier 24 and a new digital adder 20 is used 
to generate data D20 to be supplied to the digital adder 19, 
thus further reducing the circuit scale. 
[0040] 

20 In a configuration where the digital adder 20 is not 

equipped but the multiplicand attribute a2=0 . 96721311 shown 
in Expression (2) is applied and output data D24 (=0.96721311 
XD23) of the digital multiplier 24 is supplied as the data 
D20 to the digital adder 19, the circuit scale can be made smaller 

25 than via the IIR filter 1' shown in Fig. 15. Note that, since 
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the multiplicand attribute a2 is a fraction having a large number 
of digits, having the digital multiplier 24 alone perform the 
arithmetic operation (0 . 96721311 XD23) requires a complicated 
digital multiplier with a large circuit scale. 
5 [0041] 

As shown in Fig. 2, a combination of the digital multiplier 
24 and the digital adder 20 is used to substantially perform 
the arithmetic operation (0. 96721311 XD23) to allow reduction 
of the circuit scale. 
10 [0042] 

Details of reduction of the circuit scale will be given. 
The multiplicand attribute a2 of the digital multiplier 24 does 
not apply the value a2=0 . 96721311 shown in Expression (2) but 
determined by the following configuration method. 
15 [0043] 

The . multiplicand attribute a2 of Expression (2) is 
deformed to express a2=l-0 . 03278689, and the value of an 
exponentiation multiple of 2 (2") closest to the value of 
0.03278689 is selected to determine the actual multiplicand 
20 attribute a2 of the digital multiplier 24 of 2"^ (=0.03125) . 
[0044] 

Further, subtraction of the value of ''0.03278689' from 
the value "'I' concerning the variation example of 
a2=l-0. 03278689 is made via the digital adder 20. 
25 [0045] 
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In such a configuration, data D24 generated by the digital 
adder 24 with the multiplicand attribute a2 set to is (2"^ 
XD23), and data D20 generated by the digital adder 20 is (D23-2'^ 
XD23) . Thus the output data D20 is expressed by Expression 
5 (3) . This obtains results substantially equivalent to a case 
where the multiplicand attribute a2 of the digital multiplier 
24 is set to the value of a2=0. 96721311 shown in Expression 
(2) to obtain data D20 (=0. 96721311 Xd23) , without providing 
the digital adder 20. 
10 [0046] 

[Expression 3] 
D3-D23-D24=D23-D23Xa2 
=D23X (l-a2)=D23X (l-2~^) 
=D23X (1-0. 03125) 
15 =023X0.96875 (3) 

[0047] 

Since the digital multiplier 24 performs arithmetic 
operation of the multiplicand attribute a2 (-2"^) as an 
exponentiation multiple of 2, a digital multiplier 24 may be 

20 a simple digital multiplier. Further, since a digital adder 
20 performs simple subtraction, the digital adder 20 may be 
a simple digital adder. As a result, adding a digital adder 
20 to a digital multiplier 24 reduces the circuit scale compared 
with providing a digital multiplier alone to per form complicated 

25 arithmetic operation. 
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[0048] 

Further, as an example of the digital multiplier 24 shown 
in Fig. 2, a decoder circuit shown in Fig. 4 is applied to 
effectuate the reduction of the circuit scale. 
5 [0049] 

The digital multiplier 24 shown in Fig. 4 outputs bits 
B5 to B15 of the input data D23 as bits BO to BIO of the output 
data D24, as well as outputs bit B15 of the input data D23 as 
bits BIO to B15 of the output data D24. Bits BO to B4 of the 
10 input data D23 are pulled down to the ground GND via a resistor 
Rl and the output data D24 (B15 to BO) is output via buffer 
amplifiers A15 to AO. 
[0050] 

According to such a configuration, just shifting the 
15 entire input data D23 (B15 to BO) to the lower bits by five 
bits provides a feature equivalent to multiplying the data D23 
by the multiplicand attribute a2 (=2"^) . Further, just 
supplying the data D24 obtained via this bit shift to the digital 
adder 20 provides the results equivalent to the arithmetic 
20 operation D20= 0 . 96721311 XD23 with the value a2=0 . 96721311 
shown in Expression (2) applied, that is, the results of the 
arithmetic operation D20= ( 1-2"^) X D23 . 
[0051] 

In this way, further reduction of the circuit scale is 
25 provided via a combination of the digital adder 20 and the digital 



16 



multiplier 24. 
[0052] 

Next, a digital multiplier 25 in Fig. 2 will be described. 
The multiplicand attribute bO of the digital multiplier 25 is 
5 determined as follows. The multiplicand attribute bO of the 
digital multiplier 25 is fixed to the value of 2"^ (=0.015625) 
by selecting the value of an exponentiation multiple of 2 (2") 
closest to the multiplicand attribute bO=0 . 016393443 shown in 
Expression (2) . 
10 [0053] 

Further, by applying a decoder circuit shown in Fig. 5 
to the design of the digital multiplier 25 shown in Fig. 2, 
without forming the digital multiplier 25 with complicated 
arithmetic operation circuits, the digital multiplier of an 
15 extremely simple configuration that obtains the same results 
as obtained by multiplying data D19 by the multiplicand attribute 
bO-2-^ 
is implemented. 
[0054] 

20 The digital multiplier 25 shown in Fig. 5 outputs bits 

B6 to B15 of the input data D19 as bits BO to BIO of the output 
data D25, as well as outputs bit B15 of the input data D19 as 
bits B9 to B15 of the output data D25. This configuration 
provides the same feature as that obtainedby shifting the entire 

25 input data D19 (B15 to BO) to the lower bits by six bits and 
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supplying the bit-shifted output data D25 (B15 to BO) to the 
digital adder 21, thus implementing the digital multiplier 25 
that multiplies the data D19 by the multiplicand attribute 
bO (=2-^) , 
5 [0055] 

Bits BO to B5 of the input data D19 are pulled down to 
the ground GND via a resistor Rl and the output data D25 (B15 
to BO) is output via buffer amplifiers A15 to AO. 
[0056] 

10 Next, the multiplicand attribute bO of the digital 

multiplier 26 in Fig. 2 is determined as follows. The 
multiplicand attribute bO of the digital multiplier 26 is fixed 
to the value of 2"^ (=0.015625) by selecting the value of an 
exponentiation multiple of 2 (2") closest to the multiplicand 

15 attribute bO=-0 . 016393443 shown in Expression (2) . 
[0057] 

Further, by applying a decoder circuit shown in Fig. 5 
to the design of the digital multiplier 26 shown in Fig. 2, 
without forming the digital multiplier 26 with complicated 
20 arithmetic operation circuits, the digital multiplier of an 
extremely simple configuration that obtains the same results 
as obtained by multiplying data D2 3 by the multiplicand attribute 
b0=2~^ is implemented. 
[0058] 

25 By applying a decoder circuit shown in Fig. 5, it is 
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possible to provide the same feature as that obtained by shifting 
the entire input data D23 (B15 to BO) to the lower bits by six 
bits and supplying the bit-shifted output data D26 (B15 to BO) 
to the digital adder 21. 
5 [0059] 

Subtraction D25-D26 is performed by supplying the output 
data D25 of the digital multiplier 25 to the addition input 
terminal (plus input terminal) of the digital adder 21 and by 
I supplying the output data D2 6 of the digital multiplier 2 6 to 
|10 the subtraction input terminal (minus input terminal) of the 
I digital adder 21. Then, the operation results Dbf (=D25-D26) 
} is assumed as the output of the digital band-pass filter 16. 
[0060] 

I In this way, by providing the digital band-pass filter 

^15 16 in Fig. 1 in configurations shown in Figs . 2, 4 and 5, providing 
a sampling rate fsi four times the center frequency fo (455 kHz) , 
and performing digital filtering on the intermediate frequency 
data Dip supplied from the A/D converter 15, an IIR filter having 
frequency characteristics shown in Fig. 10 is implemented via 
20 a simple configuration. 
[0061] 

The configuration method of band-pass filters shown in 
Fig. 3 willbedescribed. Apre-stage filter 1 6a and a post-stage 
filter 16b are both provided in variation of the digital 
25 band-pass filter 16 shown in Fig. 2. 
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[0062] 

The transfer function H(z) shown in Expression (1) is 
applied. A direct-type secondary IIR filter shown in Fig. 15 
is considered based on the transfer function H(z) . Then, the 
5 optimum value of each of the multiplicand attributes al, a2, 
bO, bl, b2 is obtained in order to acquire the frequency 
characteristics show in Fig. 12. Under the optimization 
conditions that the digital band-pass filter 16 is implemented 
via a simple configuration, optimization of each of the 
10 multiplicand attributes al, a2, bO, bl, b2 is carried out while 
considering the relationship between the sampling rate fsi for 
digital filtering, the intermediate frequency fo, and the Q 
value . 
[0063] 

15 Via such optimization, the pre-stage filter 16a and the 

post-stage filter 16b are both provided in configuration in 
Figs 2, 4 and 5. That is, by implementing the filter 16a and 
the filter 16b via a simple configuration shown in Figs 2, 4 
and 5, the multiplicand attribute a2, bO, b2 of the digital 

20 multipliers 24, 25, 2 6 is set to a2 = 2"^=0 . 03125 , b0=2"^=0 . 015625, 
b2=2"^-0. 015625, respectively. 
[0064] 

Next, a digital adder 201 and a digital multiplier 202 
are added to the filter 16a and the filter 16b shown in Fig. 
25 3, respectively. 
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[0065] 

Connection is made so that the output data D202 of the 
digital multiplier 201 is supplied to the addition input terminal 
(plus terminal) of the digital adder 201 in the filter 16a, 
5 the output data D20 of the digital adder 20 is supplied to the 
subtraction input terminal (minus terminal) of the digital adder 
201, the output data D202 of the digital multiplier 202 is 
supplied to the subtraction input terminal (minus terminal) 
of the digital adder 201 in the filter 16b, and the output data 
10 D20 of the digital adder 20 is supplied to the subtraction input 
terminal (minus terminal) of the digital adder 201 
[0066] 

Further, by appropriately selecting the multiplicand 
attributes al, al of the digital multiplier 202 in the filter 

15 16a and the digital multiplier 202 in the filter 16b respectively, 
a digital band-pass filter having twin-peak characteristics 
shown in Fig. 12 is formed. By setting the respective 
multiplicand attributes al, al to the value of an exponentiation 
multiple of 2 (2") , the digital multiplier 202 in the filter 

20 16a and the digital multiplier 202 in the filter 16 can be 
configured by a decoder circuit shown in Fig. 4 or 5 in order 
to implement a simple configuration. 
[0067] 

In this way, by providing the digital band-pass filter 
25 16 in Fig. 1 in a configuration shown in Fig. 3, providing a 
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sampling rate fsi four times the center frequency fo (4 55 kHz) , 
and performing digital filtering on the intermediate frequency 
data Dip supplied from the A/D converter 15, an IIR filter having 
frequency characteristics shown in Fig. 12 is implemented via 
5 a simple configuration. A combination of digital band-pass 
filters having different center frequencies can provide desired 
characteristics . 
[00681 

Next, the configuration method of interpolation filters 
10 shown in Fig. 6 will be described. A pre-stage filter 17a, 

a middle-stage filter 17b and a post-stage filter 17c in Fig. 

6 have the same configuration. Thus, the configuration method 

of the pre-stage filter 17a will be described as a 

representative . 
15 [0069] 

As mentioned earlier, the digital band-bass filter 16 
performs digital filtering based on the sampling rate fsi four 
times the center fre_quency fo to output data Dbf- Thus, as shown 
in Figs . 13A and 13B, the data Dbf indicates data at four sampling 
20 points PI to P4 in one cycle (1/fo) as the reciprocal of the 
intermediate frequency fo- 
[0070] 

Data Dbf appearing at four sampling points PI to P4 in 
one cycle (l/fo) does not assure high-accuracy detection since 
25 the detection output level varies considerably even when data 
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Dbf is supplied to a digital detection circuit 18 for detection 
when the phases of the sampling points PI to P4 are dislocated, 
such as in the case of Figs. 13A and 13B. 
[0071] 

5 Thus, in order to allow high-accuracy detection, an 

interpolation filter 17 including a digital low pass filter 
is provided between the digital band-bass filter 16 and the 
digital detection circuit 18. 
[0072] 

10 The transfer function H (z) shown in Expression (4) below 

is applied in forming the filter 17a, A digital low pass filter 
shown in Fig. 6 is considered based on the transfer function 
H(z). Then, the optimum value of each of the multiplicand 
attributes al, a2, bO is obtained. 

15 [0073] 

[Expression 4] 

H{z)=bO/ (1+al • z-^-a2 • (4) 
[0074] 

Under the optimization conditions that the filter 17 is 
20 implemented via a simple configuration, optimization of each 
of the multiplicand attributes al, a2, bO is carried out while 
fixing the sampling rate fs2 to 16 times the center frequency 
fo (455 kHz) . 
[0075] 

25 Via such optimization, the multiplicand attributes al. 
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a2, bO becomes 2 ^, 2'^ and 2 ^, respectively. 
[0076] 

Thus, the multiplicand attribute al of the digital 
multiplier 31 in the filter 17a is fixed to , the multiplicand 
5 attribute a2 of the digital multiplier 32 to 2"^, and the 
multiplicand attribute bO of the digital multiplier 33 to 2"^. 
[0077] 

Same as a decoder circuit shown in Fig. 4 or 5, the digital 
multiplier 31 is configured by a decoder circuit shown in Fig. 

10 1 , the digital multiplier 32 by a decoder circuit shown in Fig. 
8, and the digital multiplier 33 by a decoder circuit shown 
in Fig. 9 respectively in order to implement each digital 
multiplier 31, 32, 33 via a simple configuration. By 
configuring filters 17b, 17c same as a filter 17a, an 

15 interpolation filter 17 having frequency characteristics shown 
in Fig. 11 is implemented. 
[0078] 

In this way, in a receiver according to the embodiment, 
it is possible to approximate the multiplicand attributes al, 

20 a2, bO, b2 of the digital multipliers 24, 25, 26, 202 shown 
in Figs . 2 and 3 by using exponentiation multiples of 2 by setting 
the sampling rate f^i of the digital band-pass filter 16 to four 
times the intermediate frequency fo. Further, it is possible 
to implement the digital multipliers 24, 25, 26, 202 via simple 

25 configurations shown in Figs. 4 and 5, by making it possible 
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to approximate the multiplicand attributes al, a2, bO, b2 by 

using exponentiation multiples of 2. 

[0079] 

Further, it is possible to approximate the multiplicand 
5 attributes al, a2, bO of the digital multipliers 31, 32, 33 
in the filters 17a through 17c shown in Fig. 6 by using 
exponentiation multiples of 2 by setting the sampling rate fs2 
of the interpolation filter 17 to 16 times the intermediate 
frequency fc- Further, it is possible to implement the digital 
10 multipliers 31, 32, 33 via simple configurations shown in Figs. 
7 through 9, by making it possible to approximate the 
multiplicand attributes al, a2, bO by using exponentiation 
multiples of 2. 
[0080] 

15 It is necessary to process waves at a high sampling rate 

in order for the digital detection circuit to perform 
high-accuracy detection. In case an IIR filter 1 ' in a general 
configuration is used instead of the digital band-pass filter 
16 and the interpolation filter 17 to the IIR filter 1 ' is operated 

20 at a high sampling rate, the corresponding digital band-pass 
filter 1' must be configured by a large-scale digital circuit, 
as described in terms of the related art. 
[0081] 

According to the invention, the circuit scale is 
25 simplified by operating the digital band-pass filter 16 at the 
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sampling rate fsi four times the intermediate frequency fc (low 
sampling rate) . The interpolation filter 17 is operated at 
the sampling rate fsz 16 times the intermediate frequency fc 
(high sampling rate) and the resulting data Dlf of the high 
5 sampling rate is supplied to the digital detection circuit 18. 
Thus, the circuit scale can be simplified compared with the 
IIR filter 1' in a general configuration shown in Fig. 15 as 
well as high-accuracy detection is allowed. 
[0082] 

10 While the foregoing description assumes a case where the 

digital multipliers 24, 25, 26, 202, 31, 32, 33 are configured 
by decoder circuits as shown in Figs. 4, 5, 7, 8 and 9, the 
invention is not limited to such a configuration. Digital 
multipliers 24, 25, 26, 202, 31, 32, 33 maybe configured via 

15 binary shift registers that allow bit shift operation. 
[0083] 

While the AM receiver is addressed in this embodiment, 
the invention can be applied to other receivers such as FM 
receivers . 
20 [0084] 

[Advantages of the Invention] 

As mentioned earlier, a receiver according to the 
invention comprises a digital band-pass filter for performing 
digital filtering on the digital data at a first sampling rate 
25 equal to an exponentiation multiple of 2 of the intermediate 
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frequency and a digital interpolation filter for performing 
digital filtering on the data output from the digital band-pass 
filter at a second sampling rate equal to an exponentiation 
multiple of 2 of the intermediate frequency. This simplifies 
the overall circuit scale and upgrades the detection accuracy 
in detection section as the same time, thus providing excellent 
effects in digitization of receivers. 
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[Fig. 1] 

A: Frequency converter 
B: Mixer 

C: Local oscillator 

D: Digital detection output 

16: Digital BPF 

17: Interpolation filter 

18: Digital detection circuit 

[Fig. 4] 
A: Input D23 
B: Output D24 

[Fig. 5] 

A: Input D19 (D23) 
B: Output D2 5 (D26) 

[Fig. 7] 

A: Input D29 

B: Adder 

C: Output D31 

[Fig. 8] 
A: Input 03 0 
B: Output D32 
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[Fig. 9] 
A: Input D27 
B: Output DLFl 

[Fig. 10] 
A: Gain (dB) 
B: Frequency 

[Fig. 11] 
A: Gain (dB) 
B: Single stage 
C: Three stages 
D: Frequency 

[Fig. 12] 
A: Gain (dB) 
B: Frequency 
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[Fig. 13A] 
A: Carrier wave 

B: (Phases match between the carrier wave and the sampling 
points . ) 

[Fig. 13B] 
A: Carrier wave 

B: (Phases are dislocated from each other between the carrier 
wave and the sampling points.) 

[Fig. 14] 

A: IF signal from a frequency converter 
B: Detection output 

1: Center frequency band-pass filter 
2: Detection circuit 

[Fig. 15] 
A: IF signal 

B: To digital detection circuit 



